Vitamin B supplementation appears to be an important additive supplementary source to improved stress and anxiety in the general adult population
Introduction
The global incidence of major depressive disorder will be second only to heart disease as the leading cause of death and disability in the next 20 years (Murray & Lopez, 1997; Whitecloudfoundation, 2014) . Depression and frequently associated anxiety places a significant load on the economy with the global cost of mental illness, estimated at $2.5 trillion in 2010, anticipated to increase to over $6 trillion by 2030 (Who press, 2008 .
People experiencing major depressive disorder typically present with sadness and/or loss of pleasure in previously enjoyed activities for at least two weeks. Typically an episode of depression is also associated with a sense of worthlessness and guilt, cognitive, sleep and appetite disturbance and often thoughts of suicide or death (Beyondblue, 2014) . A major depressive disorder can present slightly differently in children and young adults with a greater propensity to agitation and aggressive outbursts (Burns & Birrell, 2014) . The highest risk of completed suicide in Australia (7 per day) occurs in people between 15-45 years (Beyondblue, 2014) . Biopsychosocial determinants of depression include genetic and biochemical factors as well as illness and significant life events and psychological trauma. Many neurochemical pathways linked to cognitive function including, glutamate and GABA neurotransmittory systems, serotonergic, noradrenergic, dopaminergic and cholinergic systems, may contribute to depression when there is an aberration of usual function (Dale, Bang-Andersen, & Sanchez, 2015; Mann, 1999; Meldrum, 2000; Niciu, Kelmendi, & Sanacora, 2012; Ressler & Nemeroff, 2000; Sullivan, Coplan, Kent, & Gorman, 1999; van Stegeren, 2008; Yadid & Friedman, 2008) . B vitamins play an important role in these neurochemical pathways as significant contributors to neuronal function.
Depression and anxiety, although clinically different conditions, will often co-occur. More than half of the people diagnosed with depression will also experience symptoms of anxiety and vice versa (Beyondblue, 2014) . Anxiety disorders as distinct from depression, are characterised by autonomic hyperarousal and subsequent fatigue (increasing illness risk) demonstrated in an archetypal fear response which include escape and avoidance behaviours, , perception of imminent and future threat, anxiety and tension that may exist within or outside the anxiety provoking situation (Craske et al., 2009) . In light of this shared vulnerability and comorbidity it may be important to be searching for simple nutritional strategies at a population health level that might improve depression and anxiety symptoms. This report investigates the potential of a rich vitamin B source to improve mood and anxiety in people who experience some symptoms of these mood states but not as replacement for the pharmacological treatment of full blown mood and anxiety disorders.
Vitamins play a major role in health and are integral for many metabolic functions within the body including correct performance of the methylation cycle, monoamine oxidase production, DNA synthesis, repair and maintenance of phospholipids, and conservation of proper cognitive function. The role of Monoamine oxidase is to inactivate neurotransmitters and a dysfunction in this role is considered to cause several psychiatric and neurological disorders, including depression. Likewise, medications that decrease the activity of MOA are proven antidepressants used to increase serotonin bioavailability. A deficiency of B vitamins caused by dietary inadequacy or absorption defects, could influence memory function and cognitive impairment and dementia. Vitamins that have been predominantly linked to neuronal function include vitamins B1, B3, B6, B9 and B12, and deficiencies have been linked to neurological disorders, including depression, cognitive decline, anxiety and stress.
Yeast based spreads (YBS) have long been a staple in many European, New Zealand and Australian households. The health benefits of such spreads, which include vegemite, marmite and promite have long been promoted in familiar advertising campaigns such as "Happy little vegemites", "my mate marmite". However the discovery of the B vitamins in the early 1900s together with the associated health benefits resulted in these spreads being included amongst the soldier's rations during the first world war. Despite this, there are limited studies available on the effects of YBS and health outcomes. Recently, YBS were used as a complete nutrient source for yeast to efficiently grow and ferment in low level glucose solutions, effectively creating "vegemite beer" (Kerr & Schulz, 2016) . In addition, people who consume a daily teaspoon of marmite, showed modulated cortical excitation and inhibition, presumably due to increased levels of the inhibitory neurotransmitter gamma-aminobutyric acid, as an effect to the high levels of vitamin B12 in marmite, hence, marmite may help regulate brain function (Smith, Wade, Penkman, & Baker, 2017) Although much research has been done on dietary vitamin B supplementation and sources, there may be a role for researching vegemite, marmite, promite and other such YBS as they are products common to most supermarket shelves. YBS traditionally were made from the leftover products of brewer's yeast as a by-product of beer brewing. There is paucity of data available highlighting the nutritional benefits of including YBS in the diet.
These spreads are some of the richest known foods containing B vitamins. Notably, vitamin B12 is not naturally found in these spreads and added into some brands during manufacturing.
The aim of this study was to assess whether people who consumed YBS, scored showed better mood and stress levels than those people who did not consume YBS. The premise behind the study, was that YBS are high in B vitamins and that people who consume B vitamins regularly will not suffer from B vitamin deficiencies which can be a contributing factor to poor mental health. YBS are a cheap and accessible option for people looking to increase their intake of vitamin B and could be prove to be a valuable addition to the everyday diet and a significant prescriptive dosage of vitamin B. It was hypothesized that individuals consuming YBS would have better levels of depressive, anxiety and stress symptoms than people who did not consume these spreads, even after adjusting for covariates. Further, it was hypothesized that B12 enriched spreads would infer the greatest benefit above and beyond that from other YBSs.
Methods

Survey Development
The survey was designed to determine the effect of consumption of YBS on levels of depression anxiety and stress in the community. Ethics was approved by the Victoria and B9 (Table 1) . Promite contains vitamin B1, B2 and B3 whilst marmite, ausiemite and mightymite contain vitamin B1, B2, B3, B9 and B12 and vegemite salt reduced (available as of December 2014) contains B1, B2, B3, B6, B9, B12 (Table 1) . Participants were asked about diet choices so that the researchers could assess the impact of diet choices on B vitamin intake and account for this in the analysis. Questions relating to past mental health helped ascertain the psychological profile of the respondents and any mitigating factors that may cause them to be more susceptible to anxiety and stress. All authors had full access to all the data (including statistical reports and tables) in this study.
Depression, Anxiety, Stress Scale
The depression, anxiety, stress scale (DASS) was chosen to be embedded in the questionnaire for several reasons. It was scale appropriate for clinical and non-clinical samples and provides a measure of stress which inclines to be more sub-syndromal than depression or anxiety. This scale can be used for both research and clinical purposes and was developed in Australia. This scale is much longer and includes 42 questions and is intended to take between 5-10 minutes to complete. Each question is rated on a 4-point Likert scale to determine frequency and severity of the survey subjects within the last week. Answers ranged from 'did not apply to me at all', to 'applied to me very much', or 'most of the time'. The DASS42 has strong construct validity (Crawford & Henry, 2003) as well as adequate discriminant and convergent validity (Lovibond & Lovibond, 1995) . DASS has adequate internal consistency, with reported Cronbach's alpha coefficients of 0.71, 0.79 and 0.81 respectively (Brown, Chorpita, Korotitsch, & Barlow, 1997) . When scoring DASS, patients with a higher score are perceived to be experiencing greater depression, anxiety and stress than those with a lower score. The format of the questions in DASS are suitable for inclusion into a questionnaire survey format and the scale is fully validated (Lovibond & Lovibond, 1995) . The primary endpoint of the DASS42 is to determine degree and severity in emotional disturbances of depression, anxiety and stress. A score is given which is categorized in 5 different ranges, normal, mild, moderate, severe, extremely severe.
2.4. The yeast based spread survey 2.4.1. Subjects All participants were recruited online. The survey was distributed via social media including twitter and facebook via sites referring to health, nutrition and mental issues etc. Participants were also recruited by advertisement around Victoria University as well as in cafes, hospitals and around the community. In addition, the survey was included in electronic emails that were sent to 6,000 business owners around Melbourne, VIC Australia (e-west, e-east, e-south, e-north). Inclusion criteria included individuals who self-nominated to undertake the online survey. Exclusion criteria included those who were less than 18 years of age. The procedure that was used was in the format of a survey.
Measures
Outcome measures in the present YBS survey include levels of general psychological distress, depression, and anxiety and general health. Symptoms of depression, anxiety, and stress were assessed using the short form of DASS42 (Lovibond & Lovibond, 1995) embedded within the YBS survey. Participants were asked to answer questions concerning their age, marital status, gender, number of dependents as well as all questions as stated in 2.1.1. In total, the survey consisted of 71-questions.
The information to participant's form was embedded as the first question of the survey.
The second question of the survey consisted of the patient consent form, and by clicking "yes" it progressed the participant to question 3, the first question relating to the YBSquestionnaire. The Survey was launched on the Victoria University Qualtrics site on 24
August 2015 and remained until 28 November 2016.
Statistical Analysis
Data were analysed using SPSS version 23. Data were screened for normality (inspecting skewness and kurtosis). All results for depression, anxiety and stress scales fell within normal ranges so data throughout were analysed using parametric statistics. ANCOVA's were utilized to assess the impact of yeast based spread consumption and a range of covariates on the depression, anxiety and stress scales. Post-hoc tests (where appropriate) utilized the data from the simple main effects analysis with the application of a Bonferroni correction to adjust for experiment-wise error rates. Analysis of both stress ANCOVA's showed that Levene's test of homogeneity was violated. These data were further screened through calculation of variance ratios which indicated the data were suitable for parametric analyses as ratios were 1.38 (when contrasting people who ate and did not eat YBSs) and 1.67 (contrasting YBS eaters, B12 enriched YBS eaters and controls), well below threshold for homogeneity (see Fields, 2005) . Finally, analysis of dose response relationships between consuming yeast based spreads and significant mood subscales as well as the consumption of B12 enriched yeast based spreads and these scales were conducted using a Pearson's Product Correlation Coefficient (PPMCC).
Results
Patient demographics
The final sample size of 520 participants was derived from a total of 678 surveys begun by participants. Of the 158 excluded surveys, 133 were incomplete (i.e. did not commence the DASS) or did not progress past the consent question, 22 were excluded as incomplete duplicates or with missing values and 3 were excluded as statistical outliers (>2 standard deviations from the mean) across all 3 DASS measures. Demographic variables for the cohort are reported in Table 2 according to medical, dietary and supplement characteristics.
3.2. Yeast based spread consumption improves anxiety and stress scores but not depression. (Figure 2. ) Notably, the stress analysis again highlighted soy milk consumption and history of depressive or anxiety disorder as significant covariates that were controlled.
Finally, a PPMCC was used to determine any dose response relationship between amount of B12 enriched yeast based spread consumed per month and the significant variable of stress as depicted in (Figure 2 .) The results of the correlation analysis indicated no significant correlation between quantity and stress levels, r (105) =-0.140, p=0.151. Vitamin B1 (thiamine) deficiency has detrimental neurological effects. (Abdou & Hazell, 2014; Combs, 2008; Zhang et al., 2013) . Vitamin B2 (riboflavin) deficiency primarily results in anaemia, inflammation, depression, migraines, and affects cognitive function. (Massey, 2000; Murakami et al., 2008; Pinto & Cooper, 2014; Powers, 2003) . Vitamin B3 (niacin) deficiency results in Pellagra, known for its symptoms of, insomnia, mental confusion, psychosensory disturbances, psychomotor disturbances, emotional disturbances, anxiety, depression and hallucinations. It is believed that lack of vitamin B3 and other B vitamins in processed food diets can be attributed to a rise in mental health disorders and violent crimes in recent decades (Fu, Doreswamy, & Prakash, 2014; Kamanna, Ganji, & Kashyap, 2009; Li et al., 2010; Prakash, Gandotra, Singh, Das, & Lakra, 2008; Smesny, Baur, Rudolph, Nenadic, & Sauer, 2010; Thompson & Proctor, 1953) .
Discussion
Low levels of B9 is often seen in the plasma of people suffering from depression (LoriaKohen et al., 2013; M. Malouf, Grimley, & Areosa, 2003; Mitchell, Conus, & Kaput, 2014; Murakami et al., 2008; Nilsson, Gustafson, & Hultberg, 2001; Obeid & Herrmann, 2006; Pan et al., 2012; Pitkin, 2007) and a number of studies suggest that the status of vitamin B9 plays a major role in depression, as vitamin B9 is a vital precursor for the formation of neurotransmitters such as serotonin, epinephrine, nicotinamides, purines and phospholipids. A deficiency in vitamins B6 and B12 has been attributed to severe symptoms of depression and cognitive decline. Indeed, vitamin B12 deficiency is found in up to one-third of depressed patients and increased vitamin B12 levels are associated with improved treatment outcomes of patients with depression. In addition, B12 deficiency increases the risk of cognitive decline (Balk et al., 2007; Bell et al., 1991; Bell et al., 1992; Carney, Williams, & Sheffield, 1979; Holsboen, Benkert, Meier, & Kreuz-Kersting, 1985; Sengul et al., 2014) . Many B vitamins act as co-enzymes in enzymatic reactions as specific carriers of functional groups. As a group, they participate in the metabolism of carbohydrate, protein, lipids, vitamins, minerals and drugs whilst taking part in many other cellular metabolic functions including DNA synthesis (Hvas, Juul, Bech, & Nexo, 2004; R. Malouf & Grimley Evans, 2003; Martin, Singleton, & Hiller-Sturmhofel, 2003; Miller, 2008) .
Given the high dosage of B vitamins within YBS, we attribute this lowering of DAS scores effect to the consumption of higher doses of vitamin B within the diet. However, we cannot unequivocally assume that the vitamin B is causing this effect alone. YBS are often consumed in the morning spread on toast or bread (although the survey did not specify which meal the YBS was mostly eaten). There may be a correlation between lower DASS scores and breakfast consumption. In 2013, the Korean community health survey investigated the association between the frequency of eating breakfast and depression in adults. The survey covered a 20-year span and recruited 207, 710 participants.
Participants were grouped into the categories, regarding breakfast consumption as "Seldom", "sometimes" and "always". Results of the survey indicated that participants who had breakfast "seldom" or "sometimes" had significantly higher depressive symptoms than those who "always" had breakfast. A possible weakness in this study lies in that "depressive symptoms" was measured using the Korean community health survey question by only one question "Have you experienced sorrowful or despairing emotions affecting your daily life more than two weeks over the past year?" Yeast based spreads contain high quantities of vitamin B plus high quantities of amino acids such as tryptophan which is a precursor for the neurotransmitter serotonin. Many studies have used a technique of acute tryptophan depletion to observe the effect of lowered serotonin levels in the human brain (Young, 2013) Serotonin acts in the body as a natural mood stabilizer and decreases in serotonergic neurotransmitter tone have been associated with low mood and depression. As marmite has 144 mg of tryptophan (Government, 2017) it may be prudent to investigate to what end the presence of tryptophan in the YBS has on the lowering of DASS scores.
The limitations of this study include the uncertainty that the lowered DASS scores are a by-product of vitamin B intake or some other component of the YBS, or even a synergistic effect of all the components of YBS.
Vitamin B supplementation and the effect on stress
Previous studies have shown that micronutrient supplementation, in particular B vitamins, has a beneficial effect on improving mood states, perceived stress, and mild psychiatric symptoms, outwardly healthy individuals (Long & Benton, 2013 ) Indeed, in a double blind randomized control study the effects of Berocca (a multivitamin and mineral supplement with high levels of vitamin B) on psychological status, indicated that Berocca significantly lowered levels of anxiety and perceived stress in 80 healthy male volunteers (Carroll, Ring, Suter, & Willemsen, 2000) . In addition, the effect of Blackmores Executive B Stress Formula over six months' duration on work place stress and mood showed that subjects that took the Executive B formula after 12 weeks reported significantly lower personal strain and a reduction in confusion and depressed/dejected mood (Stough et al., 2011) . Furthermore, a multiple-dose, double-blind, placebo-controlled, double-centre study with 300 patients for 30 days assessed the effects of a multivitamin combination (Berocca, calcium, magnesium) on stress on a large cohort of South Africans. It was shown that there were statistically significant improvements in all psychometric tests in those that took the Berocca, calcium, magnesium combination compared to the placebo group.
Our study is the first to assess the link between depression anxiety and stress and micro nutrient supplementation in the form of YBS.
The role of vitamin B9 and B12 on stress
Depressive episodes are well known to occur after a major negative life event and that often the stresses related to these events are causal for the onset of depression. Stress responses are an adaptive process used by the body to maintain homeostasis and act, under threat, however prolonged stress responses triggered by the everyday stressors of work, family, finances and relationships can be damaging to health and lead to disease and depression (Schneiderman, Ironson, & Siegel, 2005) .
Vitamin B12 together with B9 and B6 are 3 of the key vitamins that have direct effect on mood and neurotransmitter regulation. The functions of all however are intricately linked as they play complimentary roles within the folate and methionine cycles in which methionine synthetase catalyzers the methylation of homocysteine into methionine. If this methylation process does not occur efficiently, high levels begin to build up in the blood.
Based on epidemiological and longitudinal data, elevated serum homocysteine levels is a predictive risk factor for cognitive impairment and other neurological disorders (Sachdev, 2005) . In fact meta-analysis studies in which 17 trials, involving 39,107 participants and 12 trials involving 47,429 participants noted that homocysteine levels were reduced with a steady administration of folic acid ± vitamins B12 and B6 (Marti-Carvajal, Sola, & Lathyris, 2015; Mei, Rong, Jinming, Yongjun, & Hui, 2010) Results from our study have shown that YBS fortified with vitamin B12 contributes to reducing stress and anxiety in consumers. It is interesting to note however, that all spreads which contained vitamin B12 fortification also contained vitamin B9. It may be interesting to investigate whether the lowering of DAS scores is attributed alone to the fortification with B12 or the synergistic combination of B12 and B9.
Conclusion
We demonstrated that the survey participants who indicate that they consume YBS score lower in the anxiety and stress subscales of the DASS than do participants who do not eat YBS. Furthermore, those who consume YBS with added B12 score lower on stress on the DASS scale than those who consume yeast based spreads without B12. There was no evidence to suggest that dosage had any effect on DASS scores. There may be great benefit to the community in finding an easily accessible vitamin B source which when taken regularly can augment nutritional dietary intake of vitamin B to therapeutic levels. There are numerous groups within the community that could benefit from and cheap, easily accessible form of vitamin B. These include hospitalised patients with decreased appetites, children who are fussy eaters, vegetarians, vegans, elderly people, low income families and people suffering from drug and alcohol addiction who may be nutritionally depleted.
The positive results generated by this survey on YBS and DASS scores indicate that regular consumption of YBS lowers anxiety and stress scores, and those consuming YBS with added vitamin B12 have further improvements in stress scores. Thus, regular consumption of YBS may help to lower the incidence of anxiety and stress in the community. Further studies will need to be undertaken in order strengthen the data gathered so far providing a link between YBS consumption and decreasing levels of depression anxiety and stress. 
